Hydrolysis of calcite was investigated in 0
INTRODUCTION
Calcium carbonate in aragonite form is a main constituent of marine coral, of which skeleton structure is similar to human cancellous bone. The marine coral has been widely used as a bone filler for the deficient part of hard tissue, because it has an open pore structure suitable for penetration of osteoblast to enable a new bone formation and its resorbability.1 Marine coral can be converted into hydroxyapatite while preserving its porous skeleton structure by hydrothermal treatment in phosphate solution. 24 The product is called coralline apatite 5 and it has been commercially available, for example, as Pro Osteon (Interpore Cross). In the hydrothermal treatment, calcium carbonate reacts with phosphate ion to form carbonated apatite, that is, hydroxyapatite containing carbonate ion in the lattice structure, though the reaction process has not been fully understood so far. There have been only a few studies on hydrolysis of CaCO3 itself related to carbonated apatite formation. Ames reported that carbonated apatite was formed by phosphate replacement of calcite in alkaline Na3PO4 solution.6 Later Simpson reported the effect of pH and phosphate concentration on the carbonated apatite formation from calcite and sodium phosphate solution.7 Monma and Takahashi reported carbonated apatite formation through the reaction of calcium hydrogen phosphate in the presence of CaCO3.8 In the present study, hydrolysis of calcite was investigated in potassium phosphate solutions at different initial pH by X-ray diffraction analysis, Fourier transform infrared spectroscopy and scanning electron microscopy. Figure 7 shows FT-IR spectra for the final hydrolysis products in the phosphate solutions. As found in X-ray diffraction analysis, the FT-IR spectra (a) showed co-existence of OCP and apatite phase in 0.1 mol/L KH2PO4 solution with the lowest initial pH. With the increase in pH of the solutions, the spectra showed only the existence of apatite phase. (Fig9 d-g ), it was found that the plate-like crystals of OCP disappeared and fine particulate crystals were seen instead with the increase in pH of the solutions. Solubility curves of calcite, OCP and hydroxyapatite (OHAp) are very helpful to understand the hydrolysis process. Figure 10 shows solubility curves of Ca plotted against pH for the three compounds calculated from their solubility products.18 Initial pHs of the solutions are also shown by vertical dashed lines in the figure. OHAp is the most stable phase and OCP phase is a pseudostable phase at pH between 3.5 and 9.5 among them. In the hydrolysis process, calcite first dissolved into the solution and Ca2+ ion and CO3 2-ion concentration increased. In the most acidic KH2PO4 solution with an initial pH of 4.5,Ca2+ ion concentration became high due to high solubility of calcite at the pH. As the reaction proceeded, pH of the solution increased up to 6.8 within 30 min. Equilibrium solubility for Ca2+ ion was about 600 ppm at the pH (Fig. 10) . As simultaneous precipitation of OCP occurred, the actual concentration was increased only up to around 4.5 ppm at 30 min as shown in Fig. 3 . OCP solubility is about 8.3 ppm of Ca 2+ ion and OHAp solubility is about 1.8 ppm. The solution might have been supersaturated with respect to not only OHAp but also OCP and lead pseudostable OCP formation. As the OCP precipitated, Ca2+ ion concentration was further decreased after several hours as shown in Fig.  3 . OCP would transform gradually into OHAp (carbonated apatite in this case) as a most stable phase with decreasing in Ca2+ ion concentration. With the increase in pH of the solutions, dissolution of calcite was limited and Ca2+ ion concentration would not increase to supersaturate with respect to OCP. Thus OCP would not form any more in the solution with high pH and calcite was transformed directly into OHAp without formation of OCP. It was reported that OCP was hydrolyzed to form OHAp in the presence of Ca2+ ion according to the following reaction.19 This reaction seemed to occur similarly in the case of carbonated apatite formation. Proton evolution by the above reaction caused a decrease in pH observed at the later stage of the hydrolysis in the solution with low initial pH, as shown in Fig. 1 . Iijima et al. also reported OCP formation favored instead of AP when the speed of Ca2+ ion addition was increased in the solution with initial Ca/P ratio between 0.043-0.14.20 They concluded that an appropriate addition speed was necessary to maintain the degree of supersaturation to OCP. The result of the present study well agrees with their observation.
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CONCLUSION
Hydrolysis of calcite was investigated in potassium phosphate solutions with various pHs between 4.5 and 8.4. Calcite was mostly hydrolyzed in the solutions within several days and the final product was OCP or apatite phase depending on their initial pHs. OCP was initially formed in the solution with lower pH and it was transformed into apatite phase with increasing in pH. Calcite was directly transformed into apatite in 0.1 mol/L K2HPO4 solution with the highest initial pH. This phenomenon was probably related to solubility of apatite, OCP and calcite at pH during hydrolysis. FT-IR analysis showed that the apatite phase formed was B-type carbonated apatite, in which CO3 2-ion substituted for PO4 3-ion.
